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ANATOMY OF SHINKAILEPAS MYOVINENSIS SASAKI, OKUTANI 8 FUVIKURA, 2003 


(GASTROPODA: NERİTOPSINA) 


Takenori Sasaki/, Takashi Okutani” 6, Katsunori Fuiikura“ 


ABSTRACT 


The anatomy of Shinkailepas myofinensis Sasaki, Okutani 6. Fuflikura, 2003, vvas exam- 
ined by gross dissection, scanning electron microscopy, and histological serial sections. 
The organization of the soft part conforms to general neritopsine pattern, especialiy in 
pallial complex, digestive system, reno-pericardial system, and nervous system. Nevv char- 
acter states previously unknovvn in neritopsine gastropods vvere revealed mainly in female 
and male reproductive systems, sense organs, and glands in pallial cavity. Comparison of 
our observations vvith published descriptions of various gastropods confirmed that the 
species of Shinkailepas are assigned to the superfamily Neritoidea among Neritopsina. 
The inclusion of Shinkailepas in the family Phenacolepadidae as in previous studies is 
also supported, although the number of their uniquely shared character is rather limited. 
Infrafamilial taxa of phenacolepadids so far anatomically studied are clearly divisible into 
deep-sea (Shinkailepas and Olgasolaris) and shallovv-vvater (Phenacolepas and 
Cinnalepeta) groups in characters of the shell, operculum, head-foot external morphology, 
mantle margin, digestive tract, and female reproductive organ. At species level, members 
of Shinkailepas are diagnosed by morphology of the eye stalks, epipodial fold, and penis, 


as vvell as shell, radular and opercular characters. 
Keyvvords: Shinkailepas, Phenacolepadidae, Neritopsina, comparative anatomy. 


İNTRODUCTİION 


İn the recent systematics, Neritopsina in- 
cludes six to nine families, namely, Neritidae, 
Neritiliidae, Phenacolepadidae, Hydrocenidae, 
Neritopsidae, including Titiscaniidae, and three 
helicinoidean families (Helicinidae, Ceresidae, 
and Proserpinidae, or three subfamilies of 
Helicinidae) (Thompson, 1980, Ponder, 1998, 
Sasaki, 1998, Kano 8 Kase, 2000, 2002). They 
comprise a robust clade phylogeneticaliy (Pon- 
der 6, Lindberg, 1997, Sasaki, 1998) and ex- 
hibit remarkable ecological diversification from 
deep-sea to terrestrial habitats (Kano et al., 
2002, Sasaki 8 Ishikavva, 2002). Among them, 
three genera, Shinkailepas, Olgasolaris, and 
Bathynerita, have been knovvn only from deep- 
sea chemosynthesis-based biological commu- 
nities. The first tvvo genera are currently 
assigned to the Phenacolepadidae (Beck, 
1992, VVaren 8 Bouchet, 2001: Sasaki et al., 
2003), together vvith the shallovv-vvater gen- 
era Phenacolepas and Cinnalepeta, and 
Bathynerita is regarded as a member of the 
Neritidae (VVaren 6. Bouchet, 1993, 2001). 


They represent part of characteristic mollus- 
can elements endemic to vent/seep environ- 
ments. 

İn the genus Shinkailepas Okutani, Saito S 
Hashimoto, 1989, four species have been hith- 
erto described: (1) S. kaikatensis Okutani, 
Saito £ Hashimoto, 1989, from Kaikata Sea- 
mount, off Ogasavvara Islands, dapan, 470 m 
deep, (2) S. tufari Beck, 1992, from Manus 
Back-Arc Basin, 2,450-2,505 m deep, (3) S. 
briandi VVaren 8 Bouchet, 2001, from Mid-At- 
lantic Ridge, Menez Govven to Logatchev site, 
850—3,500 m deep, and (4) S. myoyfinensis 
Sasaki, Okutani 8. Fulikura, 2003, from Myofin 
Knoll, Ogasavvara Ridge, dapan, 1,260—1,340 
m deep- İn addition, unidentified species vvere 
also reported from Mariana Back-Arc Basin 
(Hasegavva et al., 1997) and Okinavva Trough 
(Sasaki et al., 2003), suggesting the presence 
of more nevv species in the genus. 

Although some anatomical descriptions have 
been published (e.g., Fretter, 1984: Sasaki, 
1998, Kano 8 Kase, 2002), there is consider- 
able uncertainty in anatomical organization of 
phenacolepadids and other possibly related 
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neritoidean groups. Hence, further anatomical 
comparison is significant to understand rela- 
tionships among Shinkailepas, Olgasolaris, 
shallovv-vvater neritoideans, and the remaining 
less knovvn neritopsines. All of knovvn species 
of Shinkailepas have been described based 
chiefly on the shell, radula, operculum, and 
external morphology of the animal (Okutani et 
al., 1989: Beck, 1992, VVaren 8 Bouchet, 2001, 
Sasaki et al., 2003), and only limited anatomi- 
cal descriptions have been published for inter- 
nal organs of the genus. 

İn this study, vve attempted to provide de- 
tailed account of anatomical organization of 
Shinkailepas myofinensis by gross dissection, 
scanning electron microscopy, and histologi- 
cal serial sections. The results of observations 
are compared vvith existing knovvledge of or- 
gan systems of other nertiopsines, and their 
significance is discussed in terms of compara- 
tive anatomy and systematics. 


MATERIALS AND METHODS 
Materials examined in this study vvere se- 


lected from part of paratype series of S. myoyi- 
nensis and those preserved at the dapan 


clp 


İmm 


Ageney for Marine-Earth Science and Tech- 
nology ((AMSTEGC ). Details of sampling data 
are shovvn in the original description. Samples 
fixed in formalin vvere used for anatomical 
observations. After removed from the shell, soft 
parts of five specimens vvere dissected under 
a binocular microscope. Pieces of dissected 
SOft parts vvere dried vvith a freeze-drier (Hitachi 
ES2030) and observed vvith SEM (Hitachi 
S2400). VVhole animals of tvvo females and 
three males vvere thin-sectioned at the thick- 
ness of 6 um after embedding in paraffin. They 
vvere stained by a standard method of Mayer”s 
Hematoxylin and Eosin staining. VVhole series 
of sections (UMUT RM28647-28651) and 
SEM stub (UMUT RM28652) are deposited in 
the Department of Histological Geology and 
Paleontology, the University Museum, the 
University of Tokyo (UMUT). The terminology 
used in the descriptions chiefly follovved that 
of Sasaki (1998) and Kano 86 Kase (2002). 


RESULTS 
Shell and Operculum 


See Sasaki et al. (2003). 


FIG. 1. Dorsal vievv of animal, male, vvith mantle removed. 
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External Anatomy 


The animal is dorsoventrally flattened and 
symmetrical in outline. The visceral mass is 
not spirally coiled (Fig. 1). The dorsal surface 
of the animal is covered vvith a thin mantle. 
The entire surface of the mantle carries dense 
filamentous mantle processes (mp: Fig. 3A), 
vvhich are multicellular and contain fiber-like 
structure internally (Fig. 4A). These processes 
are not branched and some of them penetrate 
through vvhole thickness of the shell at posi- 
tions corresponding to the shell pores (cf. 
Sasaki et al., 2003: fig. 12C). The dorsal side 
of mantle margin also bears similar processes 
(Fig. 3B). 

The mantle margin (mm: Figs. 2, 4C) is 
prominently thickened, divided into the outer 
and inner folds by the periostracal groove (pg: 
Figs. 3B, 4C). İts inside contains muscle fi- 
bers and blood sinus. The portion of the mantle 
covering the pallial cavity is provided vvith ex- 
tensive blood sinus vvith numerous hemocytes 
inside (pls: Fig. 4F) and probably functions as 
a respiratory surface. 

Mafor part of the ventral side of the animal is 
occupied by a circular, flattened pedal sole (ps: 
Fig. 2). İts anterior margin is marked by the 
anterior pedal groove (apg: Figs. 2, 4B) vvith 
the opening of the anterior pedal gland (apd: 
Fig. 4B). The ventral side of the head is ex- 
tended as the oral lappet (ol: Figs. 2, 3C). The 
circumference of the mouth is thickened, papil- 
late, and vvrinkled (Fig. 3C). The lateral foot is 
smooth vvithout any protrusive structure. The 
epipodial fold is extended betvveen posterior 
dorsal rim of the foot and the mantle margin 
and provided vvith triangular tentacles (Figs. 
2, 3D). The epipodial tentacles lack 
micropapillae, sense organ and ciliated struc- 
ture. Their number ranges from 11 to 19, vary- 
İng among specimens examined. The 
operculum is firmly attached to the dorsal sur- 
face of the foot musculature belovv the visceral 
mass. 

The head consists of the snout, cephalic ten- 
tacles, cephalic lappets, and eye stalks (Fig. 
1). The snout is stout, short and not tapered. 
The cephalic tentacles are paired in equal form 
and size, symmeftrically positioned on each 
side of the head, not covered vvith sensory 
papillae, and striated by internal longitudinal 
muscle. The cephalic lappets are symmefri- 
cal, equal in size in female, but the right one 
is greatly enlarged in the male as the penis 
(p: Fig. 1). The eye stalks are posterior to the 
cephalic tentacles, flattened, and morphologi- 


cally identical betvveen both sexes. Only the 
posterior half of the right eye stalk is covered 
vvith a patch of tall glandular cells, vvhich are 
here termed the “post-tentacular gland” (ptg: 
Figs. 1, 4F). Black eye spots are visible exter- 
nally in anterior middle part of the eye stalks 
(Fig. 1). 

The shell muscle is divided into right and left 
portions (lsm, rsm: Fig. 1), leaving separated 
scars on the internal surface of the shell. Each 
muscle is not subdivided into bundles, nor 
penetrated by blood vessels. The head retrac- 
tor muscles are merged vvith shell muscles and 
do not produce independent attachment ar- 
eas. The mantle is devoid of particular retrac- 
tor muscle inserted on the shell, but instead 
attached to the shell by penetration of pallial 
processes. 


Pallial Cavity 


The pallial cavity is deep and attains the level 
of the posterior end of both shell muscle at- 
tachments. lt contains the ctenidium, 
osphradium (os: Fig. 4E), anus, the kidney 
opening (ko: Fig. 10C), and genital opening(Ss). 

The ctenidium is single, extended from the 
posterior left to the anterior right (Fig. 1). The 
ctenidial lamellae are bipectinate in alternating 


FIG. 2. Ventral vievv of animal. 
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FIG. 3. Scanning electron micrographs of external and internal organs. A. Mantle processes (mp) on 
surface of mantle covering visceral part. B. Dorsal vievv of mantle margin. C. Ventral vievv of mouth 
(m) and oral lappet (ol). D. Ventral vievv of epipodial fold. E. Tooth of gastric shield (gst) inside of 
stomach. F. Left auricle (la) and ventircle (v) penetrated by intestine (i), removed from pericardium. 


A-F. UMUT RM28652. 


arrangement (Fig. 4D), ridged along midline (Fig. 
1), and not attached by afferent nor efferent 
ctenidial membranes. The skeletal rods and 
buriscles (sensory pockets) are absent (Fig. 4D). 

A hypobranchial gland is absent. Part of the 
mantle opposing the post-tentacular gland is 
covered vvith a tall glandular epithelium, vvhich 
is termed the “anterior pallial gland” (apl: Fig. 


AF). This gland is also extended to cover the 
distal tip of the pallial gonoduct. Dorsoventrally 
paired, tvvo glands, the post-tentacular gland 
on ventral side and the anterior pallial gland 
on dorsal side, are developed in the same 
position and size in both sexes. The epithe- 
lium of equivalent part on the left side is not 
specialized as gland. 
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FIG. 4. Histology of external and pallial organs. A. Vertical section of mantle processes (mp) arising 
from mantle (mt) above ventricle (v). B. Longitudinal section of anterior tip of foot, shovving anterior 
pedal gland (apd) and anterior pedal groove (apg). C. Longitudinal section of posterior part of foot (f) 
and mantle margin (mm). Epipodial fold (ef) arises from part of foot. D. Longitudinal section of ctenidial 
lamellae. E. Cross section of osphradium (os) along left shell muscle (lsm). Arrovvhead indicates 
longitudinal groove on osphradium. F. Cross section of tvvo opposing glands in pallial cavity near 


right eye stalk. A, E-F. UMUT RM28648. B-D. UMUT RM28651. 


Digestive System 


The digestive system consists of the oral 
tube, sublingual pouch, buccal cavity, buccal 
mass, radula, esophagus, stomach, digestive 
glands, and intestine to anus (Fig. 5). 

The mouth opens ventraliy (Fig. 1). The oral 
tube is considerably short in front of the buc- 
cal mass and follovved by the sublingual pouch 


ventrally and by the buccal cavity dorsally. The 
anterior inner vvall of the buccal cavity is par- 
ticularly thickened as the transverse buccal 
fold vvith a pair of distinctly cuticularized plates 
(cp: Fig. 10). The iavv vvith tooth-like elements 
is absent. 

The sublingual pouch is vvell developed be- 
lovv the buccal mass (slp: Fig. 7). lts epithe- 
lium is thin and smooth. Paired sublingual 
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FIG. 5. Configuration of digestive tract in dorsal vievv. 


glands profyect on each side of sublingual 
pouch and open into ventrolateral side of the 
oral tube (slg: Fig. 7). Their inner surfaces are 
roughened vvith irregular forms of glandular 


FIG. 6. Drosal vievv of buccal mass, vvith anterior 
digestive tract intact. 


epithelium (Fig. 9B). The dorsal side of buc- 
cal cavity is thickened by a pair of vvell-devel- 
oped dorsal folds (df: Fig. 9D). Salivary glands 
are not differentiated around the buccal cav- 
ity. The radular diverticulum is deep belovv the 
esophageal valve. 

The buccal mass is elongated longitudinally 
and connected vvith body vvall musculature vvith 
the lateral protractors (lp), inner and outer pairs 
of the ventral protractors (ivp, ovp), median 
and dorsal levators (ml, dl), posterior depres- 
sors (pd), anterior levators (al), and anterior 
tensors (at) (Figs. 6, 7). The posterior part of 
the odontophore is separated on both sides 
of radular sac and closely tied by postdorsal 
buccal tensor (pdt: Fig. 6) on the dorsal sur- 
face. 

The buccal mass is internally supported by 
five odontophoral cartilages. The anterior 
cartilages are paired, elongated longitudinally, 
increasing in vvidth backvvards. The posterior 
cartilages are also paired, much smaller than 
the anterior pairs, firmly attached to the ante- 
rior pairs, and tapered posteriorly vvith pointed 
posterior ends. The median cartilage is un- 
paired, of almost the same length as the ante- 
rior cartilages, and lies betvveen the anterior 
cartilages (Fig. 8). İts anterior one-fifth is de- 
marcated by dorsal constriction and is 
smoothly svvollen ventrally (Fig. 8). Ventral 
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FIG. 7. Ventral vievv of buccal mass, vvith oral 


tube and sublingual pouch intact. 
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FIG. 8. Odontophoral cartilages. A. Dorsal vievv. B. Ventral vievv. Outer 
approximator muscle (oap) is removed on left side. Anterior part of 
ventral approximator muscle (vap) is also removed (cf. Fig. 7). 


sides of the anterior cartilages are connected 
by the ventral approximator muscle (vap: Fig. 
7). The anterior and posterior cartilages are 
longitudinally united vvith the outer approxi- 
mator muscles (oap: Fig. 7). Sides of anterior 
cartilages are attached to the body vvall by ten- 
sor muscles (tac: Figs. 6, 7). 

The radula is composed of an ensheathed 
part of the radular sac posterior to the buccal 
cavity, the subradular membrane spread over 
the buccal mass, and functional area exposed 
into the buccal cavity on the bending plane. 
The radular sac is extended backvvards and 
not colled in loops. İts posterior end is smooth 
and simple. The subradular membrane is at- 
fached by the median and lateral protractor 
musecles (mpr, İlpr: Fig. 7) anteriorly, and the 
retractor muscles (rsr: Fig. 7) laterally and 
posteriorly. The retractor muscles of radular 
sac (rrs: Fig. 7) originate from the posterior 
end of the posterior cartilages, insert on the 
radular sac ventrally. The radular teeth mor- 
phology vvas described by Sasaki et al. (2003). 

The esophagus begins from the postero- 
dorsal part of the buccal mass and comprises 
İvvo parts, the anterior and posterior esophagi. 
The anterior esophagus is dorsoventrally de- 
pressed, almost consistent in vvidth and curves 
tovvards the left over the buccal mass. Inside 
of the anterior esophagus is divided into the 
dorsal food channel (dfc) in the center and the 
lateral esophageal pouches (lep) on both sides 


by a pair of the dorsal folds (Figs. 9D, E). The 
inside of the lateral esophageal pouches is 
glandular, and therefore, it can also be called 
the anterior esophageal gland. Behind the 
buccal mass, a main part of the anterior 
esophagus slightly turns forvvard to form a very 
short loop. The posterior part of lateral 
oesphageal pouches are separated from dor- 
sal food channel, extending ventrally as the 
posterior esophageal gland, and surrounds the 
radular sac completely (peg: Fig. 9F). Their 
epithelia are heavily folded (Fig. 9F). The pos- 
terior esophagus is narrovver than the ante- 
rior esophagus (Fig. 5), and defined by 
corrugated inner structure (Fig. 9G). İt runs 
belovv the radular sac and other organs at the 
deepest level of the visceral cavity. 

The stomach is marked by the enlargement 
in diameter and folded into U shape. The in- 
side has large cuticularized area, short cres- 
cent-shaped gastric caecum (gc: Fig. 5), tooth 
of gastric shield (gst: Figs. 3E, 5), and paired 
typhlosoles on the ventral side. The digestive 
glands are vvell developed around the stom- 
ach and connected to the distal part of the 
stomach through four openings dorsally and 
İvvo openings ventrally. The ducts of digestive 
glands are further divaricated complicatediy. 

The intestine is circular in cross section, 
nearly consistent in diameter along its entire 
length, turns in tvvo sites, posterior to the buc- 
cal mass and belovv the pericardium (Fig. 5). 
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FIĞ. 9. Histology of digestive system. A. Longitudinal section of transverse buccal fold (tbf), cuticular- 
ized plate (cp). and radular teeth (rdt). B. Cross section of sublingual gland (slg). C. Vertical section 
of antertor odontophoral cartilage. D. Cross section of left half of dorsal fold (df) and lateral esoph- 
aqeal pouch (lep) over anterior part of buccal mass. E. Cross section of left half of anterior esopha- 
gus ın more posterior part than in Fig. D. F. Cross section of posterior esophageal gland (peg) sur- 
rounding radular sac (rds). G. Cross section of posterior esophagus (pe). H. Cross section of stom- 
ach. shovvıng openings to dıgestive glands (dgo) on dorsal and ventral (upper and lovver in figure) 
sides. C, H. UMUT RM28647. B, D-F. UMUT RM28648. A, G. UMUT RM28651. 
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FIG. 10. Histology of circulatory and excretory systems and sense organs. A. Horizontal section of 
kidney (k) and pericardium (pc). B. Enlarged vievv of ventricle (v) penetrated by intestine (i). C. Lon- 
gitudinal section of kidney (k), its opening (ko) and adiacent organs. D. Enlarged vievv of epithelium 
of kidney (k). E. Cross section of left eye (e). F. Cross section of statosysts (sta) containing statoconia 
(sc) belovv pleural commissure (pic). D. UMUT RM28647. E-F. UMUT RM28648. A-C. UMUT 
RM28651. 


İts epithelium is densely ciliated and composed Circulatory System 

Of a layer of prismatic cells (Fig. 10B). Around 

the second turn, the intestine penetrates the The heart is enclosed in the pericardium and 
ventricle and the pericardium. No anal (rectal) consists of paired auricles of unequal size and 
gland vvas found near the distal part of the in- a median ventricle (Figs. 1, 3F, 10A). The left 
testine. The anus opens on the right anterior auricle is much larger than the right and con- 
side of the pallial cavity (Fig. 1). nected to blood vessels from the ctenidium and 
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FIG. 11. Pallial oviduct of female, vvith intestine intact. A. Dorsal vievv. 
B. Ventral vievv. 


the mantle. The margin of the left auricle is rug- 
ose and constricted to be separated into a fevv 
chambers (Fig. 3F). The right auricle is vesti- 
gial and situated posterior to the ventricle (Fig. 
1). The ventricle is voluminous, penetrated by 
the intestine, stiffened by cardiac muscles in- 
side (Fig. 10B). An aorta from the ventricle is 
short and opens into haemocoel of the body. 
An aortic bulb is not formed. Large sinuses are 
developed among visceral organs and around 
the buccal mass. Considerable blood sinuses 
are also found near the lateral vvall of the pedal 
musculature. Blood space adiacent to the kid- 
ney is connected anteriorly to the afferent 
ctenidial vessel. 


Excretory System 


The excretory organ consists of a single kid- 
ney and the pericardium. The kidney is on the 
posterior side of the ctenidium: its excretory 
opening is located belovv ctenidial base (ko: 
Fig. 10C). The inside of the kidney is partly 
partitioned into tvvo branches on the anterior 
and right sides of the pericardium, respectively 
(Fig. 10A), but both are indistinguishable in 
histology. The epithelium of the kidney is not 
lamellated throughout the entire area and con- 
sists of single-layered papillate cells vvith basal 
nuclei (Fig. 10D). The renopericardial connec- 
tion is extended betvveen the tvvo branches of 
the kidney. 


Reproductive System 


The sexes are separate, and their reproduc- 
tive organs exhibit striking sexual dimorphism. 
Large part of the reproductive organ is occu- 
pied by the gonad and pallial gonoduct. İn both 
sexes, the gonad develops dorsal to the diges- 
tive gland, the gonoduct is not connected to 
the kidney, and gonopericardial connection is 
not present. 

The female reproductive system consists of 
the ovary, a thin oviduct connecting the ovary 
and the pallial oviduct, a complex of pallial ovi- 
duct and associated glands, and the vaginal 
duct. The ovary and dorsal surface of the pal- 
lial oviduct are visible on the dorsal side of the 
animal through the mantle. The oviduct is thin 
and circular in cross section, arises from 
anteroventral part of the ovary, extends forvvard, 
and enters the pallial oviduct from its ventral 
side (Figs. 11B, 12, 15C). 

The pallial oviduct is surrounded by tvvo dif- 
ferently stained glands, a posteriorly situated 
albumen gland, and an anteriorly located cap- 
sule gland. The albumen gland covers poste- 
rior area of the pallial oviduct and is further 
subdivided into tvvo portions, albumen gland 1 
and Il (agl, agll: Fig. 11). Both parts are not 
stained darkly, and the albumen gland 1 is obvi- 
ousİly more translucent than the albumen gland 
Il (Fig. 15C). The pallial oviduct opens into the 
pallial cavity through its anterior tip (fo: Fig. 11). 
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FIG. 12. Schematic dravving of ventral vievv of 
pallial oviduct, shovving connection of various 
ducts and associated structures. 


The vaginal duct is ventral to the pallial ovi- 
duct, covered entirely vvith epithelium of pal- 
lial oviduct, elongated, and connected to the 
pallial oviduct posteroventrally. The terminal 
of the vaginal duct is expanded and opens as 
an oblique slit (vgo: Fig. 11B). Posterior to the 
vaginal opening, the receptaculum seminis is 
branched off from the vaginal duct. Sperma- 
tozoa are oriented in the receptaculum seminis 
tovvards its epithelium (Fig. 15A). The distal 
end of the receptaculum seminis is visible in 
ventral vievv (Fig. 11B). Near its connection to 
the pallial oviduct, the vaginal duct gives off 
another pouch-like structure. İt is tentatively 
named “posterior sac” because of unknovvn 
function and uncertain homology vvith other 
reproductive structures. İlts inside is charac- 
teristically roughened by many folds (ps: Figs. 
15B-E), and no spermatozoa vvas found there. 
A groove or ovipositor is not developed on the 
right side of the neck of the female. 

The male reproductive organ is composed 
of the testis (Fig. 15F), vas deference, semi- 
nal vesicle, and pallial male gonoduct (Fig. 13). 
The testis contains many eylindrical sectors 
in vvhich grovving sperms are arranged radi- 


FIG. 13. Pallial gonoduct of male, vvith intestine intact. A. Dorsal vievv. 
B. Ventral vievv. 
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aliy. A thin vas deference originates from the 
ventroanterior side of the testis and extends 
anteriorly. The distal part of the vas deference 
is complicatedliy folded to form the seminal 
vesicle. vvhich is filled vvith filamentous. com- 
pleted spermatozoa oriented in parallel (Figs. 
14C-D, 15G). The spermatophore vvas not 
observed in any section of vas deference. 

The pallial male gonoduct is greatiy enlarged 
and surrounded by tvvo different glands, the 
annex gland posteriorly and the prostate gland 
anteriorly (Figs. 13, 15H). İn dorsal vievv, a part 
of the prostate pouch is visible on the outer 
surface (Fig. 13A). 

The penis arises from inner side of right 
cephalic tentacle, dorsoventrally depressed, 
lobate vvith a tapered tip (Fig. 1). lts dorsal 
surface is smooth, the right margin is grooved 
throughout, and the ventral side has a single 
ciliated papilla (Figs. 14A, B). A ciliated groove 
vvas not found betvveen the gonoduct opening 
and the penis. 


- 


500 um 


Nervous System 


The nervous system consists mainly of the 
circumesophageal nerve ring, pedal cords, 
and visceral nerve. The circumesopahgeal 
nerve ring is formed by pairs of three mafior 
ganglia, namely, pleural, pedal, and cerebral 
ganglia. Their configuration is of hypoathroid 
type, namely pleural and pedal ganglia are 
more adiacent than cerebral ganglia (Fig. 16). 

The cerebral ganglia are located on the 
bases of the cephalic tentacles and send 
nerves to the cephalic tentacles and oral 
area. The paired ganglia are connected to 
each other by the cerebral commissure over 
the oral tube and the labial commissure be- 
lovv the sublingual pouch. Labial ganglia are 
not formed on the labial commissure. The 
buccal ganglia are obliquely extended at the 
base of the anterior esophagus and con- 
nected to the cerebral ganglia through thin 
connectives. 


FIG. 14. Scannning electron micrographs of male reproductive organs. A. Ventral vievv of penis re- 
moved from head. Arrov/head indicates groove along right margin. B. Enlarged vievv of cillated pa- 
pılla on rıght ventral side. C. Seminal vesicle in convoluted part of vas deference. D. Spermatozoa 
contained in seminal vesicle. Part of epithelium of seminal vesicle is removed to shovv inside. A-D. 


UMUT RM28652. 


ANATOMY OF SHINKAILEPAS 13 


FIG. 15. Histology of reproductive organs of female (A-E) and male (F-H). A. Cross section of semi- 
nal receptacle. B. Longitudinal section of posteroventral part of pallial oviduct. C. Longitudinal sec- 
tion of pallial oviduct vvhere oviduct (ovd) is connected to lumen of pallial oviduct. D. Longitudinal 
section of posterior sac (ps) of vaginal duct and surrounding glands. E. Enlarged vievv of longitudinal 
section of posterior sac (ps) of vaginal duct. F. Vertical section of testis. G. Vetical section of seminal 
vesicle (sv) containing completed spermatozoa. H. Horizontal section of glands of pallial gonoduct of 
male. A. UMUT RM28648. F-H. UMUT RM28650. B-E. UMUT RM28651. 
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FIG. 16. Configuration of nervous system in dor- 
sal vievv. 


The pleural ganglia are situated belovv the 
posterior part of the buccal mass, and they 
are the largest among all ganglia and con- 
nected by a rather thin pleural commissure. 
Tvvo distinct nerves are extended from the 
pleural ganglia to the body vvall musculature. 

The pedal ganglia underlie pleural ganglia 
and are connected by the pedal commissure. 
The pleural and pedal ganglia are iuxtaposed 
closely, forming almost fused complexes, but 
they receive separate cerebropleural 
connectives and cerebropedal connectives, 
respectively, from the cerebral ganglia. The 
pedal ganglia give off thin nerves anteriorly 
and thick pedal cords posteriorly. Pedal cross 
connection vvas not detected in the present 
sections. 

The visceral nerve is not a closed loop or 
streptoneurous and represented only by the 
subesophageal part, vvhich arises from the 
right pleural ganglion tovvard base of ctenidium 
along the pallial cavity vvall. The supraesopha- 
geal part is totally missing. 


Sense Organs 


Possible sensory organs include cephalic 
tentacles, oral lappets, papillae on the outer 
lip of the mouth, posterior epipodial fold, 
osphradium, statocysts, and eyes. The most 
Of external structures are described above. 
Epipodial sense organs, and subradular or- 
gans are absent. 


The osphradium is elongated as a vermiform 
ridge along the left shell muscle, vveakly de- 
veloped, and tvvo-folded vvith a longitudinal 
central groove (os: Fig. 4E). Eyes are rudi- 
mentary vvithout cornea and lens, simply rep- 
resented by pigmented cells, and sunken in 
connective tissue of eye stalks. Statocysts are 
attached to the dorsal side of pedal ganglia 
and belovv pleural commissure (plc: Fig. 10F) 
and contain several statoconia (sc: Fig. 10F). 


DISCUSSION 
Comparative Morphology 


The morphology of neritopsine gastropods, 
in vvhich Shinkailepas is included, is highly di- 
verse in both shell and soft parts. Their similar- 
ity and dissimilarities have been employed for 
systematics at various taxonomic levels (e.g. 
Sasaki, 1998) and also used as characters for 
phylogenetic analysis (Ponder 8. Lindberg, 
1997, Sasaki, 1998). The results of observa- 
tions on Shinkailepas myofinensis in this study 
are compared vvith descriptions of relatively 
vvell-investigated genera (Tables 1, 2). 

Shell: The shell of Shinkailepas is character- 
ized by (1) a limpet form vvith the apex on the 
posterior center, (2) a multispiral globular 
protoconch vvith grovvth lines, (3) the septum 
extended betvveen the visceral mass and foot, 
and (4) microscopic canal structures vvith 
crovvded openings inside and sparse outside. 
Among these, (1) and (3) are also found in 
Phenacolepas and Septaria. (2) is shared by 
aquatic neritopsines in general (Sasaki, 1998). 
The shell of another vent-associated 
neritopsine limpet, Olgasolaris, differs from that 
of Shinkailepas in a more centrally situated 
apex, many regular and fine radial riblets, and 
thick periostracum overhanging the shell mar- 
gin. Phenacolepas and related shallovv-vvater 
forms are most similar to Shinkailepas among 
Neritopsina in above characters, except (4). 

İt is vvell knovvn that numerous thin canals 
and corresponding pores are produced inde- 
pendently in the shells or valves of all 
polyplacophorans, part of bivalves and gastro- 
pods, and brachiopods (revievved by Reindl $ 
Haszprunar, 1996). In Gastropoda, canals and 
mantle processes (caeca) are found in the 
Fissurellidae (Reindl S Haszpruanr, 1994), 
Neritiliidae (Kano £ Kase, 2002), Shinkailepas 
(Beck, 1992, Sasaki et al., 2003, this study), 
and Olgasolaris (Beck, 1992). Shell canals of 
Shinkailepas (and possibly also Olgasolaris) 
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are different from those of above-mentioned 
taxa in tvvo points: (1) The diameter, cross- 
sectional form, and density of the canals are 
more prominently variable in Shinkailepas 
(Sasaki et al., 2003: fig. 12C), and (2) some 
of canals penetrate the shell completely, but 
many of them do not. İn the Fissurellidae, all 
canals penetrate the shell at least in an early 
ontogenetic stage vvith a rather constant di- 
ameter (e.g., Sasaki, 1998: fig. 40d3). İn the 
Neritiliidae, canals never reach the outer sur- 
face of the shell (Kano 6. Kase, 2002). Similar 
canals are not found in any section of the shell 
in other neritopsines, such as /erita and 
Cinnalepeta at microstructural level (Sasaki, 
2001). 


Operculum: Most neritopsines are operculate, 
except the Ceresidae, Proserpinidae (Thomp- 
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son, 1980) and shell-less Tifiscania. The com- 
mon features of the opercula of Shinkailepas 
(and Olgasolaris) include (1) its position on the 
foot musculature belovv the visceral mass, (2) 
a trapezoidal, nail-like shape in outline, (3) tvvo- 
layered structure, namely, calcified and cor- 
neous paris, (4) the nucleus located on the left 
side relative to animal”s longitudinal axis, (5) 
the division into initialiy spiral and subsequently 
non-spiral parts, possibly of pre- and post- 
metamorphic stages, by different modes of 
grovvth line formation, and (6) the absence of 
an apophysis (Okutani et al., 1989: fig. 12, 
Beck, 1992: pl. 1, fig. 4, pl. 5, fig. 4, Sasaki et 
al,, 2003: fig. 12D). Among neritopsines, the 
opercula of Shinkailepas and Olgasolaris are 
most similar to that of Septaria in (1) and (2), 
but different in the remaining features. The 
demarcation of nucleus (possibly of pre-meta- 


TABLE 2. Comparison of character states among four phenacolepadid genera. 


Genus Shinkailepas Olgasolaris Phenacolepas Cinnalepeta 

Reference this study Beck (1992) Fretter (1984) Sasaki (1998) 

canal structures of partly penetrating penetrating shell absent absent 
shell shell completely 

operculum shape trapezoidal subtrapezoidal semicircular, absent 

vestigial 

apophysis of absent absent ? - 
operculum 

circumpallial absent absent present present 
microtentacles 

epipodial flap present present absent absent 

cephalic lappet present present absent absent 

posterior tightly enclosing Ti lateral to radular lateral to radular 
esopahgeal radular sac sac? sac 
glands 

intestine 2 loops 2 loops 3 loops? 5 loops 

glandular and non- undifferentiated ? differentiated differentiated 
glandular regions 
of kidney 

erythrocytes spherical? 7 biconcave biconcave 

vaginal opening transversely slit- transversely slit- small pore small pore, anterior 

like, anterior like, anterior 

receptaculum posterior to vaginal Zi present connected to dorsal 
seminis opening albumen gland 

posterior sac of present 7 absent absent 
vaginal duct 

female flap absent present? present as absent? 

ovipositor? 

seminal groove on lateral dorsal 7 7 
penis 

eyes vestigial, closed 7 vvell-developed, vvell-developed, 


closed closed 
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morphic part) is also knovvn in the Neritilildae 
(Kano 6£ Kase, 2000, 2003, in press, Kano et 
al., 2003), Bathynerita (VVaren 6 Bouchet, 
1993), and Phenacolepas (Kimura 6. Kimura, 
1999: fig. 7C-D), and therefore it is not char- 
acteristic of Shinakailepas and Olgasoralis. 
The possession of apophysis in the opercu- 
lum is rather common throughout neritopsines 
except the Helicinidae, Shinkailepas, and 
Olgasolaris (cf. Sasaki, 2001). The number of 
microstructual layers varies from tvvo to four 
in neritopsine opercula (Suzuki et al., 1991, 
Sasaki, 2001), but its phylogenetic or adap- 
tive significance is uncertain. 


External Anatomy: The mantle margin is 
normaliy simple vvithout proyective or massive 
glandular structure in neritopsines, but it is 
modified in shallovv-vvater phenacolepadids. 
The inner fold of the mantle margin is charac- 
teristically fringed vvith retractile microtentacles 
in Phenacolepas and Cinnalepeta (Fretter, 
1984: fig. 5, Sasaki, 1998: fig. 85b). In addi- 
tion, a thick layer of glandular tissue is devel- 
oped on ventral surface in Phenacolepas 
(Fretter, 1984: fig. 5). But, in contrast, such a 
specialization does not occur in Shinkailepas. 
The mantle margin morphology is, therefore, 
a distinctive character betvveen shallovv-vva- 
ter and deep-vvater phenacolepadids. 

Various forms of folds or tentacles are de- 
veloped in gastropod epipodium as in vetig- 
astropods, cocculinifom limpets, “vent-taxa,” 
deep-sea phenacolepadids, and part of 
cerithioideans (Ponder 8. Lindberg, 1997). İn 
Shinkailepas and Olgasolaris, the epipodial 
fold arises from the latero- to postero-dorsal 
part of the foot in Shinkailepas (Okutani et al., 
1989, Beck, 1992, VVaren 6. Bouchet, 2001: 
fig. 33, this study), vvhereas comparable struc- 
ture is totally absent in other neritospines in- 
cluding shallovv-vvater phenacolepadids 
(Tables 1, 2). Because the degree of epipodial 
fold development is different from species to 
species, it is a useful taxonomic character at 
species level in Shinkailepas (see belovv). 

The cephalic lappets are small flaps prolected 
on the inner side of the cephalic tentacles. They 
are found in part of the vetigastropods and 
neritopsines and may be all regarded as ho- 
mologue in terms of position and innervation. 
İt is a common feature that the lappets are 
enlarged and used as a penis in male in 
neritopsines if present. The cephalic lappets 
are present in Shinkailepas (Fig. 1, Okutani et 
al., 1989: fig. 10), Olgasolaris, and Bathynerita 
(VVaren 8. Bouchet, 2001), but absent in the 


Neritilildae, shallovv-vvater phenacolepadids, 
and the Neritidae excluding Bathynerita 
(Table 1). 


Pallial Organs: The pallial cavity of Shin- 
kailepas contains a set of pallial organs com- 
mon to the aquatic Neritopsina, namely the 
ctenidium, osphradium, anus, pallial gonod- 
uct vvith genital opening(s), and excretory pore, 
but a hypobranchial gland is absent. 

The ctenidium of S. myoyfinensis has typical 
neritopsine elements: (1) a single ctenidium 
is situated on the left side, (2) ctenidial lamel- 
lae are bipectinate in opposing arrangement 
on either side of ctenidial axis, (3) ctenidial 
lamellae are centrally ridged, (4) skeletal rods 
and (5) sensory pockets are absent. These 
features are not distinguishable from those of 
other neritopsines, except for a greatly re- 
duced ctenidium of the Neritiliidae (Kano 8. 
Kase, 2002) and its total absence of in terres- 
trial groups. A vvart-like structure termed “ves- 
tigial gill” on the right side of the pallial cavity 
(Fretter, 1965: fig. 1c, Sasaki, 1998: fig. 77c) 
is lacking in S. myofinensis. The occurrence 
of the structure is restricted to members of the 
genus Merita and not universal to neritopsines. 

The hypobranchial gland is present on the 
right pallial roof in some neritopsines, for ex- 
ample, the Neritidae (Fretter, 1965: Berry et 
al., 1973: Sasaki, 1998), Neritiliidae (Kano 8. 
Kase, 2002), and Helicinidae (Thompson, 
1980, Sasaki, 1998). Hovvever, it is absent in 
corresponding position in S. myoyfinensis, 
Phenacolepas (Fretter, 1984), and Cinnale- 
peta (Sasaki, 1998). 

İn S. myofinensis, tvvo glandular zones (the 
post-tentacular gland and anterior pallial gland) 
are observed on the right anterior corner of 
the pallial cavity. These glands may be analo- 
gous to the hypobranchial gland of other gas- 
tropods, but probably do not fulfill the function 
as a normal hypobranchial gland due to their 
restricted position at the anterior right. The true 
hypobranchial gland develops in deeper posi- 
tion in the pallial cavity in other neritoideans. 
The fvvo glandular zones in S. myofinensis 
possibly have a function related to reproduc- 
tion, since the glands are developed near the 
gonoduct opening in both sexes. 


Digestive System: lts has been generally 
accepted that neritopsines lack true iavvs 
(Fretter, 1965). Hovvever, paired cuticularized 
plates apparently develop on the inner vvall of 
the oral tube in S. myoyinensis (Fig. 9A). lden- 
tical plates are also present generally in other 
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neritopsines. Sasaki (1998) described these 
plates as iİavvs, because they are located at a 
position corresponding to those of other gas- 
tropods. They may not be regarded as the iavvs 
in that they lack scaly microelements, but such 
microelements are also lacking in the iavvs of 
Cocculina and Patellogastropods (Sasaki, 
1998). Although the term “iavv” vvas not used 
in the present description, it is also possible 
that they represent a reduced state of the iavvs. 
Homology can be established betvveen fiavvs 
and cuticularized plates under positional cri- 
terion but is uncertain under structural crite- 
rion. More extensive comparison should be 
made among gastropod İavvs for further dis- 
cussion. 

Buccal mass structure is remarkably useful 
character to define higher taxa in basal groups 
of gastropods (Sasaki, 1998). For example, 
patellogastropods, vetigastropods, and 
neritopsines each have their ovvn composition 
of musculature and cartilages. The buccal 
musculature of Shinkailepas belongs to 
neritoidean type described for /Nerita, Septaria, 
and Cinnalepeta, and is partially different from 
that of VM/a/demaria (Sasaki, 1998: table 5). 

The configuration of odontophoral cartilages 
is invariable throughout the Neritopsina 
(Sasaki, 1998, Kano $£ Kase, 2002). Large 
anterior and small posterior cartilages are 
paired and connected by ventral approximator 
muscle, and the median cartilage is situated 
betvveen the anterior cartilages. The structure 
of odontophoral cartilages of S. myofienensis 
conforms entirely to this pattern. 

The presence of a pair of sublingual glands 
beside the sublingual pouches is a distinctive 
character of neritoideans, including the 
Neritidae, Neritiliidae, and Phenacolepadidae 
(Sasaki, 1998: Kano 6 Kase, 2002). They are 
absent in the Helicinidae (Sasaki, 1998) or 
unknovvn in the rest of neritopsine members. 
The salivary glands are absent throughout the 
Neritopsina vvithout exception. Probabily their 
absence is compensated by the development 
of sublingual glands and anterior esophageal 
glands. 

The radular formula of Shinkailepas is the 
same as that of most members of neritoideans. 
The radula of Shinkailepas and that of 
Olgasolaris (Beck, 1992) are typified by the 
follovving six features: (1) the central tooth is 
present, (2) the first lateral teeth are obliquely 
elongate, (3) the second and third lateral teeth 
are small, (4) the fourth lateral teeth are longi- 
tudinally elongate vvithout serration in their 
cusps, (5) lateromarginal plates are absent, 


and (6) the marginal teeth have small triangu- 
lar prolection belovv their cusps (Sasaki et al., 
2005: figs. 12, 14). 

Malor differences in radular characters exist 
mainly in the central and lateral teeth among 
Neritopsina. İn contrast to most neritopsines, 
including Shinkailepas, the central tooth is 
absent in the Neritiliidae (Kano 8, Kase, 2002, 
2003, in press, Kano et al., 2003), Neritopsis 
(VVaren S Bouchet, 1993: fig. 3D), and 
Titiscania (Bergh, 1890, Taki, 1955). The lat- 
eral teeth morpholooy is considerably variable 
among neritopsines and it is difficult to gener- 
alize. For example, in the Neritidae, the first 
laterals are transversely elongate, and the 
fourth laterals are thickened in shield-like form. 
The Neritiliidae (Kano 6. Kase, 2002, 2003, in 
press, Kano et al., 2003) and most helicinoide- 
ans (e.g., Thompson, 1980, Sasaki, 1998, 
Richling, 2004) have obliquely elongate out- 
ermost lateral teeth vvith sharp serrations, and 
lateral teeth are more reduced in /Veritopsis, 
Titiscania, and the Hydrocenidae (Ponder, 
1998: fig. 15.76). The presence of prominence 
belovv cusps in the marginal teeth (Kano 6, 
Kase, 2002: fig. 8) is knovvn in the Neritilildae, 
Neritopsis, and Titiscania (Kano 6 Kase, 2000, 
2002), but not in others. 

The configuration of the radular sac has not 
hitherto been focused in the studies of the 
Neritopsina. Recently, Kano 6. Kase (2002) 
pointed out that in the Neritopsina the length 
of radular sac can be categorized into tvvo 
groups. A long, looped radular sac is typical of 
the Neritiliidae, Nerifopsis and Titiscania, by 
contrast, a short straight type occurs in the 
Neritidae, Phenacolepadidae, and Helicinidae 
(Kano 8. Kase, 2002). Shinkailepas myofinen- 
sis (Fig. 5), S. kaikatensis (Okutani et al., 1989: 
fig. 15), and Olgasolaris tollmanni (Beck, 1992: 
fig. 3B) have the latter type. 

The esophagus of the Neritopsina exhibits 
similar structure throughout the group (Sasaki, 
1998): (1) İt consists of the anterior and pos- 
terior esophagi only, lacking the differentiation 
of a mid-esophagus, (2) the anterior esopha- 
gus is sectioned into a centralliy situated, dor- 
sal food channel and lateral esophageal 
pouches vvith the anterior esophageal glands 
inside, and (3) the posterior part of the lateral 
esophageal pouches are separated as the 
posterior esophageal glands. The esophagus 
of S. myofinensis matches this generalization 
vvell, 

A peculiar shaped esophagus vvas recently 
described in the Neritiliidae by Kano 8. Kase 
(2002). The anterior esophageal glands are 
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extremely elongated posteriorly as separated 
pouches and overlie the posterior esophageal 
glands. This double structure of esophageal 
glands is not knovvn in other neritopsines in- 
cluding Shinkallepas. 

The posterior esophageal glands in S. 
myoyinensis are complicatedly infolded and 
tightiy enclose the radular sac vvith a narrovv 
interstitial space (Fig. 9F). This morphology 
apparently differs from that of other 
neritopsines, including the Neritilildae (Kano 
8 Kase, 2002: fig. 5D). Hence, the structure 
of this part may be of sufficient systematic 
value, but cross-sectional morphology of the 
glands have not been described for compari- 
son in the rest of neritopsines. 

Another distinctive character of the 
Neritiliidae is the presence of the floor glands 
arising from anterior esophageal floor (Kano 
$. Kase, 2002). The glands are paired blind 
sacs that open from the posterior side of the 
floor of the anterior esophagus and consist of 
tvvo glandular cells ciliated differently and 
stained differentially vvith haematoxylin (Kano 
S. Kase, 2002: fig. 3C). The identical glands 
vvere not found in sections of equivalent posi- 
tion in S. myoyinensis. 

The stomach of the Neritopsina consists of 
a cuticularized area, gastric shield vvith a short 
reflected tooth, paired (mafior and minor) 
typholosoles on the ventral side, a ciliated in- 
testinal groove betvveen the typhlosoles, and 
a short gastric caecum (Fretter, 1965, Sasaki, 
1998, Kano 6 Kase, 2002). Differences in the 
stomach structure among the Neritopsina is 
not very conspicuous. The Neritiliidae have 
only a single connection betvveen stomach and 
digestive glands (Kano 6 Kase, 2002), 
vvhereas tvvo or more openings of digestive 
glands occur near sorting area in the stomach 
of other neritopsines (e.g., Bourne, 1909, 
1911, Fretter, 1965, 1984: Sasaki 1998). İt is 
uncertain at present vvhether the number of 
the openings is dependent on body size or 
phylogentetically fixed. 


Excretory System: Neritopsine excretory 
system is composed of the auricle vvith 
podocytes as an ultrafiltration site, renoperi- 
cardial duct as a conduit of primary urine, and 
a single left kidney for osmoregulation and 
excretion (Estabrooks et al., 1999). VVithin the 
Neritopsina, tvvo types of kidneys are knovvn 
to date: (1) İn the Neritidae, Phenacolepa- 
didae, and Helicinidae, the kidney is composed 
of glandular region, non-glandular bladder, and 
short ureter (Little, 1972, Sasaki, 1998, Esta- 


brooks et al., 1999). (2) In the Neritilildae, the 
vvall of kidney is simple, not specialized into 
glandular and non-glandular areas (Kano 8. 
Kase, 2002). The kidney of S. myoyinensis 
belongs to the latter type. Functional differ- 
ences of these tvvo types are not clear, though 
development of infoldings in the glandular area 
of the former type is obviously related to func- 
tional advantage to increase its surface area. 


Circulatory System: In the heart of gastro- 
pods the ventricle is alvvays single, but it is 
attached by paired or unpaired auricle(s), de- 
pending on taxa. İn S. myoyinensis, the peri- 
cardium contains tvvo (right and left) auricles 
and a single median ventricle. The right au- 
ricle is obviously present in S. myofinensis but 
greatly reduced. A vestigial auricle is also 
present in Cinnalepeta (Sasaki, 1998) and 
Phenacolepas (Fretter, 1984). In other 
neritopsines, the right auricle is present in the 
Titiscanidae and Cerisidae of the Helicinidae 
but absent in the Hydrocenidae, Proserpi- 
ninae, and Helcinidae (Sasaki, 1998). The 
ventricle is penetrated by the rectum in the 
Neritopsina, except the Hydrocenidae and 
Helicinidae (Sasaki, 1998). 

Although details have not been studied 
hematologically, the presence of erythrocytes 
is a possible general feature of phenacole- 
padids. They are discoidal and biconcave in 
Phenacolepas (Fretter, 1984) and Cinnalepeta 
(Sasaki, 1988: fig. 85d). The animals of these 
tvvo genera are red in fresh live condition, but 
immediatedly turned pale after the death by 
fixation. In Shinkailepas aff. kaikatensis from 
the Mariana Back-arc Basin, the red color is 
also very vivid only vvhile living (Hasegavva et 
al., 1997). Hence, species of Shinkailepas are 
presumed to have erythrocytes. The form of 
haemocytes in S. myofinensis, hovvever, do not 
seem discolidal but spherical (Fig. 10B). 


Female Reproductive System: The female 
organs of neritopsines consist mainly of the 
ovary, oviduct, pallial oviduct vvith albumen and 
capsule glands, and vaginal duct vvith tvvo sac- 
like appendages. 

İt is vvell knovvn that the number of repro- 
ductive openingt(s) is different in female among 
neritopsine taxa. In S. myoyinensis, pallial ovi- 
duct and vaginal duct have their ovvn open- 
ings (diaulic). In contrast, female reproductive 
system is triaulic vvith an additional enigmatic 
duct in Septaria (Sasaki, 1998) and monaulic 
in Tifiscania (Marcus 6. Marcus, 1967) (neri- 
tililds do not have a monaulic system as pre- 
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viousİy believed (Kano $ Kase, 2002).A diaulic 
reproductive system is most common among 
Neritopsina. 

Separation of the vaginal duct from the pal- 
lial oviduct is a common feature in most 
neritopsines, and it is also true of S. myofinen- 
sis. Characteristically, the vaginal duct in S. 
myoiinensis is associated vvith three struc- 
tures: (1) a transverse slit of the vaginal open- 
ing belovv the anterior part of pallial oviduct, 
(2) the receptaculum seminis near the vaginal 
opening, and (3) the “posterior sac” belovv the 
posterior part of the pallial oviduct. 

A slit-like vaginal opening in the anterior po- 
sition is also described in Olgasolaris (Beck, 
1992). İn the Neritiliidae, the vaginal opening 
is also a slit but located posteriorly (Kano 8. 
Kase, 2002). İt is a small pore, not a long slit, 
in Phenacolepas (Fretter, 1984), Cinnalepeta, 
the Neritidae, and Helicinidae (Sasaki, 1998). 

An anteriorly situated receptaculum seminis 
near the vaginal opening in S. myoiinensis is 
unique among the Neritopsina. In other 
groups, receptaculum seminis has been iden- 
tified in various positions (e.g., Sasaki, 1998), 
but it has not alvvays been verified on histo- 
logical basis. The presence of oriented sper- 
matozoa in its epithelium (Fig. 15A) is the most 
reliable criterion for this identification. 

The “posterior sac” of the vaginal duct may 
also be peculiar to S. myoyinensis. İts inner 
vvall is heavily folded characteristically. Be- 
cause no sperm or egg vvas contained in sec- 
tioned specimens, its actual function in 
reproduction could not be detected. An equiva- 
lent structure is unknovvn in Olgasolaris (Beck, 
1992) and Phenacolepas (Fretter, 1984), or 
lacking in Cinnalepeta (Sasaki, 1998: fig. 84). 
The spermatophore sac in the Neritidae and 
Cinnalepeta (Sasaki, 1998: figs. 76, 84) can- 
not be homologized due to the differences in 
topological relationships vvith other reproduc- 
tive organs. 

İt is uncertain vvhether S. myofinensis pro- 
duces spermatophores or not. The spermato- 
phores are generally knovvn to occur in 
neritopsine gastropods (Robertson, 1989, re- 
Vievved gastropod spermatophores). In the 
Neritidae, intact spermatophores are often 
contained in the spermatophore sac in female 
(Sasaki, 1998: figs. 76c-d), and the formation 
of the spermatophore sheath is also observ- 
able in the seminal vesicle of the male. İn this 
case, the formation of spermatozoa is un- 
doubted. But in S. myoyfinensis, no spermato- 
phore vvas found in any section of female and 
male reproductive systems. 


The pallial oviduct of S. myofinensis is en- 
closed by tvvo kinds of glands that correspond 
to the albumen and capsule glands, as is gen- 
erally found in gastropods that produce egg 
capsules. The albumen gland is further divis- 
ible into tvvo parts in S. myoyienesis. The simi- 
lar division is also knovvn in the Neritiliidae, 
Neritidae, and shallovv-vvater phenacolepadids 
(Sasaki, 1998, Kano £ Kase, 2002), but not in 
non-neritopsine gastropods. 

Some neritopsines are knovvn to have a min- 
eral-containing “crystal sac” and cover egg 
capsule vvith minerals from the sac. The ab- 
sence of the crystal sac vvas verified in S. 
moyofinensis in this study and in the Neritiliidae 
by Kano 8 Kase (2002). Meanvvhile, the sac 
is distended vvith calcified grains in the 
Neritidae (Sasaki, 1998: fig. 77h). Marcus £ 
Marcus (1967) reported the crystal sac in 
Titiscania, but it is questionable (Kano 6 Kase, 
2002). Probably the possession of the crystal 
sac is restricted to the family Neritidae. 

İnternally fertilizing gastropods may develop 
a particular structure conveying eggs from the 
female opening to the foot through the neck 
region. The Neritiliidae have the neck furrovv 
and female flap on the right side in the female 
(Kano 8 Kase, 2002: figs. 2B, 15B), and pre- 
sumably eggs are conveyed along a ciliated 
furrovv in oviposition. The female flap in 
Neritiliidae is possibly homologous to the struc- 
ture identified as the ovipositor in Phena- 
colepas by Fretter (1984) (Kano 6. Kase, 2002). 
İn S. myofinensis, a corresponding structure 
vvas not found in the right pedal region. Be- 
cause actual behavior of egg deposition has 
never been observed in phenacolepadids, 
functional significance of right neck-foot mor- 
phology is unclear. 


Male Reproductive System: Male reproduc- 
tive organs of neritopsines generally comprise 
the testis, vas deference, seminal vesicle, 
pallial male gonoduct vvith prostate, and pe- 
nis. All of these organs represent a common 
element of the male reproductive system pos- 
sessed universally by internally fertilizing gas- 
tropods. 

The seminal vesicle is formed in convoluted 
part of vas deference in some Neritopsina, for 
example, Neritidae including Bathynerita 
(VVaren 6, Bouchet, 1993), shallovv-vvater 
phenacolepadids (Sasaki, 1998), and 
Shinkailepas. By contrast, in the Neritilildae, 
the seminal vesicle is double and different 
from tightly convoluted type (Kano 6 Kase, 
2002). In the Helicinidae, it is simple, not en- 
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tangled (Thompson, 1980, Sasaki, 1998). 
Thus, the configuration of vas deference is a 
useful character defining some higher taxa in 
Neritopsina. 

İt is common pattern in Neritopsina that the 
male pallial gonoduct is covered vvith the an- 
nex gland posteriorly and the prostate anteri- 
orly. The formation of the prostate pouch on 
the dorsal side in Shinkailepas is a distinctive 
character not knovvn in other neritoideans. 

The position and structure of copulatory or- 
gan in male is greatly variable across various 
groups of gastropods. In Neritopsina, the pe- 
nis arises unexceptionally from inner side of 
the right cephalic tentacle, if present. The 
seminal groove in the penis extends along right 
lateral margin in S. myoyienesis (Fig. 14A) but 
on dorsal surface in Olgasolaris tollmanni 
(Beck, 1992: pl. 5, fig. 6). 

The penis in male arises in a position equiva- 
lent to the right cephalic lappet of female. This 
may suggest that the penis has arisen as a 
modified cephalic lappet. The development of 
the penis is, hovvever, independent of that of 
the cephalic lappets, because neritids and 
Cinnalepeta lacking cephalic lappets have the 
penis in a similar position (Sasaki, 1998). İn 
the Neritiliidae, vvhich entirely lack the cepha- 
lic lappets, the penis is rudimentary in Pisulina 
or absent in MNeritilia (Kano £ Kase, 2002). 

A ciliated papilla on the ventral side of the 
penis (Figs. 14A-B) is unique to S. myofinensis 
among Neritopsina. But, the presence or ab- 
sence of equivalent structure in other 
neritopsines is actually uncertain, because the 
penis has not been observed from its ventral 
side in the previous studies. İlts function re- 
mains entirely unidentified. 


Nervous System: The nervous system of S. 
myofinensis consists of a hypoathroid circum- 
esophageal nerve ring, non-streptoneurous 
visceral nerve vvith characteristic configuration, 
a pair of thick pedal cords, and other thin pe- 
ripheral nerves. 

The circumesophageal nerve ring of S. 
myofinensis is rather concentrated for that of 
neritopsines, compared to other anatomically 
examined species (Fretter, 1984: Sasaki, 
1998, Kano 8. Kase, 2002). Especialliy, pleu- 
ral and pedal ganglia are closely situated and 
almost fused vvith each other. The positions of 
cerebral and buccal ganglia are similar to those 
Of various rhipidoglossate gastropods. Pleu- 
ral ganglia have their ovvn commissure, vvhich 
İS a general character peculiar to neritopsine 
gastropods. 


The presence of labial commissure belovv 
sublingual pouch is also a common feature 
throughout the Neritopsina. A similar commis- 
sure also exists in the Patellogastropoda in 
general, but it is different from that of neritop- 
sines in that the labial ganglia are developed 
on the commissure. The labial commissure 
vvithout ganglia also occurs in the Ampullariidae 
(Berthold, 1991), vvhich shovvs a comparable 
state in a different clade of gastropods. 

İt is interesting that the visceral part of ner- 
vous system does not form a complete loop in 
some neritopsines. Such a condition is also 
knovvn in Phenacolepas (Fretter, 1984), 
neritiliids (Kano 6 Kase, 2002), and S. 
myoyfinensis. In the Neritidae, it is complete, 
and the supraesophageal loop can be traced 
over the anterior esophagus from the right 
pleural ganglion (e.g., Sasaki, 1998: fig. 794). 
The incomplete visceral loop is possibly sec- 
ondary reduction rather than primary condi- 
tion, because remaining gastropods and other 
molluscs generally have a complete visceral/ 
lateral nerve loop. 


Sense Organs: The eyes are often reduced 
or secondarily lost in various organisms living 
in such dark environments as caves and the 
deep sea. Shinkailepas myoyfinensis is distinct 
from other neritopsines in that the eyes are 
certainly present but markedly vestigial. They 
are represented only by pigmented celils, lack- 
ing lens, and deeply embedded belovv epithe- 
lium of the eye stalks. In contrast, the eyes of 
shallovv-vvater and terrestrial neritopsines are 
filled vvith the lens and covered vvith the cor- 
nea. Another exception to this generalization 
is the Neritilildae vvhich have open eyes vvith- 
out lens and cornea (Kano 8. Kase, 2002). They 
are considered to have been modified due to 
adaptation to cryptic habitat. The eyes in 
Shinkailepas are probably non-functional and 
reduced in the dark deep-sea environment. 

There seems to be some differences in the 
structure of osphradium among Neritopsina. 
İn aquatic neritopsines, the osphradium is lo- 
cated along the left shell muscle, and defined 
by central zone, paired lateral zones, and pig- 
ment bodies at ultrastructural level (Haszpru- 
nar, 1985). Hovvever, it is tvvo-folded vvith a 
longitudinal central groove and devoid of 
clearly ciliated lateral zones in S. myoyinensis. 
A similar longitudinal groove on the central 
zone is also present in Bathynerita (VVaren 8. 
Bouchet, 1993), but obviously absent in other 
neritopsines, such as /erita (Haszprunar, 
1985, Sasaki, 1998: fig. 77d3). 
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The position of the statocysts is somevvhat 
variable among neritopsines. They are located 
on the posterodorsal side of the pedal ganglia 
in S. myofinensis, and also the Neritidae 
(Sasaki, 1998) and Helicinidae (Bourne, 1911). 
İn the Neritiliidae, their position is shifted more 
anteriorly (Kano 6. Kase, 2002). 

Each statocyst contains either single statolith 
or many statoconia, depending on taxa in gas- 
tropods (Ponder 8. Lindberg, 1997). Even 
vvithin Neritopsina, there are both of these tvvo 
types. At least tvvo examples are knovvn: sta- 
tocysts in the Neritiliidae (Kano 6, Kase, 2002) 
and statoconia in S. myofienesis. Their condi- 
tion in other taxa have not been clearly de- 
scribed based on histological observations. 
The systematic and functional significance of 
statocyst contents is still unclear throughout 
neritopsines. 


Systematic İmplications 


The allocation of Shinkailepas to Neritopsina 
vvas corroborated by sufficient numbers of 
anatomical characters. The features shared 
vvith other neritopsines in general (Sasaki, 
1998: 220-221) are: (1) a multispiral globular 
protoconch vvith grovvth lines in aquatic mem- 
bers, (2) a single left ctenidium lacking skel- 
etal rods and bursicles, (3) a single 
osphradium along the left shell muscle, (4) 
three (anterior, posterior, and median) ele- 
ments of odontophoral cartilages, (5) the dor- 
sal levator muscles of odontophore, (6) the 
tensor muscles of anterior cartilages, (7) the 
absence of the salivary gland, (8) the esoph- 
ageal glands separated from the esophagus 
posteriorly, (9) a small crescent-shaped gas- 
tric caecum, (10) the labial commissure vvith- 
out labial ganglia, (11) one-side origin of 
visceral loop from right side, and (12) the pleu- 
ral commissure. Some more characters vvere 
previously regarded as general neritopsine 
features (Sasaki, 1998), but at least tvvo, eye 
and kidney structure, vvere refected as re- 
vealed in recent studies. As discussed above, 
closed eyes vvith vitreous body is not found in 
Neritiliidae and Shinkailepas. The kidney in 
neritopsines is not alvvays clearly differentiated 
into glandular and non-glandular sections. 

VVithin Neritopsina, anatomical comparison 
suggesits that Shinkailepas is included in the 
superfamily Neritoidea, vvhich currently in- 
cludes the Neritidae and Phenacolepadidae. 
The Neritoidea is mainly diagnosed by char- 
acters of digestive and reproductive organs, 
such as (1) a vvell-developed oral lappet, (2) 


the sublingual glands, (3) the median levator 
muscles of odontophore, (4) the radular for- 
mula n-4-1-4-n, (5) tvvo auricles vvith right one 
smaller, (6) the capsule and albumen glands 
in female, (7) the annex gland in male gonod- 
uct, and (8) the penis from the inner side of 
right cephalic tentacle. This definition of the 
superfamily vvith above characters is revised 
from that of Sasaki (1998). 

Concerning the relationships vvith other 
neritopsine families, Shinkailepas shares no 
anatomical characters uniquely vvith three 
helicinoildean families (Bourne, 1911: 
Thomson, 1980, Sasaki, 1998) or Neritiliidae 
(Kano 8 Kase, 2002). The remaining families, 
the Hydrocenidae, and the Neritopsidae (in- 
cluding Titiscanidae: Kano et al., 2002), have 
not been described sufficiently for comparison. 
İn molecular characters, Kano et al. (2002) 
revealed the relationships (Neritopsidae 
(Hydrocenidae (Helicinidae “ Neritiliidae) 
(Neritidae “ Phenacolepadidae))) based on 
28S rRNA sequences. Therefore, it is highly 
likely that neritoidean groups including 
Shinkailepas are phylogenetically distinct from 
non-neritoidean families vvithin the Neritopsina. 

The Neritoidea is currently divided into the 
Neritidae and Phenacolepadidae, and Shin- 
kailepas is assigned to the latter (Beck, 1992: 
VVaren 8. Bouchet, 2001). Phenacolepadids, 
including shallovv-vvater and vent/seep-en- 
demic groups, share a rather limited number 
of unique characters compared to other 
neritopsine families. Their common characters 
are: (1) transversely elongated first lateral 
teeth of the radula, (2) longitudinally tall fourth 
lateral teeth, and possibly (3) erythrocytes. The 
absence of hypobranchial gland may be an- 
other general character of the family, but its 
state is not certain in O/gasolaris. There are 
some more similarities, but in fact, they are 
not specific to phenacolepadids. For example, 
the cephalic lappets are also described in 
neritid Bathynerita (VVaren € Bouchet, 1993), 
a cephalic penis also occurs in the Neritidae, 
tvvo shell muscles vvithout division are found 
in Septaria (Sasaki, 1998). 

VVithin phenacolepadids, tvvo maflor groups, 
deep-sea and shallovv-vvater ones, can be 
clearly diagnosed. Tvvo deep-sea vent/seep- 
associated genera, Shinkailepas and Olga- 
solaris, have similar characters in common 
(Table 2): (1) shell canals and pores penetrated 
by the mantle processes, (2) a trapezoldal, 
non-spiral, calcified operculum, (3) the cepha- 
lic lappets, (4) the epipodial fold, (5) the ab- 
sence of circumpallial tentacles, (6) the intestine 
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vvith tvvo loops only, and (7) an anteriorly posi- 
tioned, slit-like vaginal opening. Most of these 
similarities are distinctive of these tvvo genera, 
suggesting their close phylogenetic relation. 
İn contrast to tvvo deep-sea genera, shallovv- 
vvater phenacolepadids (Phenacolepas 4 
Cinnalepeta) are united by (1) the absence of 
shell pores and mantle processes, (2) a vveakly 
developed, spiral operculum vvith apophysis, if 
present, (3) the absence of cephalic lappets, 
(4) ihe absence of epipodial folds, (5) the circum- 
pallial tentacles, (6) complex loops of intestine, 
and (7) a small pore-like vaginal opening. 
Attthe species level, there are some anatomi- 
cal differences among four described species 
of Shinkailepas. The comparison vvith S. 
myoiinensis revealed that in S. ör/andi VVaren 
8 Bouchet, 2001, (1) the eye stalks (“eye- 
lobes”) are very vveakly developed, (2) the 
epipodial fold in neck region is prominent on 
the left and right sides, (3) the penis is more 
elongated, and (4) the posterior margin of the 
epipodial fold is not divided into triangular ten- 
tacles. Likevvise, in S. kaikatensis Okutani, Saito 
8. Hashimoto, 1989, (1) the eye stalks are not 
developed, (2) the penis is more acutely 
pointed, and (3) the number of tentacles on the 
epipodial folds (“pedal papilla”) is smaller (11 
in S. kaikatensis, 11-19 in S. myofinensis). ln 
S. tufari Beck, 1992, the number of tentacles 
on epipodial folds is largest (20-22) among 
Knovvn species, but other characters have not 
been described in detail. Thus, eye stalks, 
epipodial folds in neck and posterior pedal re- 
gions, and penis are useful species-level taxo- 
nomic characters in the external features of the 
soft part. For shell, radular, and opercular char- 
acters at species level, see Sasaki et al. (2003). 
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APPENDIX: Abbreviations used in descriptions 


a “anus 

aca “ anterior cartilage of odontophore 

acv “ afferent ctenidial vein 

ag “ albumen gland 

ag 1  albumen gland 1 

ag Il albumen gland Il 

al z anterior levator muscle of odontophore 
ang “ annex gland 

apd “ anterior pedal gland 

apg “ anterior pedal groove 

apl “ anterior pallial gland 

at “ anterior tensor muscle of odontophore 
bev  buccal cavity 

bg £ buccal ganglion 

C “€ ctenidium 

cc £ cerebral commissure 

cdc “ cerebropedal connective 

cg “ cerebral ganglion 

cip £ cephalic lappet 
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cp £ cuticularized plate 

cpc “ cerebropleural connective 

cpg “ capsule gland 

ct £ cephalic tentacle 

dbt “ dorsal buccal tensor muscle 

df “ dorsal fold of esophagus 

dfc “ dorsal food channel of anterior esophagus 
dg £ digestive gland 

dgo “ opening of digestive gland to stomach 


di “ dorsal levator muscle of odontophore 
dps “ duct of posterior sac 
e zoeye 


ecv £ efferent ctenidial vein 

ef “ epipodial fold 

es £ eye stalk 

ev £ esophageal valve 

f “foot 

fo “ female opening of gonoduct 
gc £ gastric caecum 


gst  tooth of gastric shield 

İ z intestine 

if “ inner fold of mantle margin 

İVvp “ inner ventral protractor muscle of 
odontophore 

k sz kidney 

ko £ kidney opening 

la “ left auricle 

lca £ labial cartilage 

lep £ lateral pouch of anterior esophagus 

İn  labial nerve 

İP “lateral protractor muscle of odontophore 

İpr £ lateral protractor muscle of subradular 
membrane 

İsm £ left shell muscle 

m z mouth 

mca z median cartilage of odontophore 

ml zz median levator muscle of odontophore 

mm zs mantle margin 

mo z male opening of gonoduct 

mp z mantle process 

mpg z male pallial gonoduct 


mpr “ median protractor muscle of subradular 
membrane 

mt z mantle 

oap £ outer approximator muscle of cartilages 

Of £ outer fold of mantle margin 

ol “£ oral lappet 

Os £ osphradium 

ot £ oral tube 


ovd £ oviduct 

ovp £ outer ventral protractor muscle of 
odontophore 

p “£ penis 

pc £ pericardium 

pca £ posterior cartilage of odontophore 

pcd £ pedal cord 

pev z£ pallial cavity 

pd z posterior depressor muscle of 
odontophore 

pds “ pedal sole 

pdt “ postdorsal buccal tensor muscle 

pe z posterior esophagus 

pg “ periostracal groove 

plc £ pleural commissure 

plg £ pleural ganglion 

pis £ pallial sinus 

pn z£ pallial nerve 

po “ pallial oviduct 

pr £ prostate 

prp £ prostate pouch 

ps £ posterior sac of vaginal duct 

ptg £ post-tentacular gland 

ra “£ right auricle 

rds £ radular sac 

rdt z radular teeth 

rev £ retractor muscle of esophageal valve 

rrs £ retractor muscle of radular sac 

TS £ seminal receptacle 

rsm £ right shell muscle 

rsr  retractor muscle of subradular 
membrane 

sbv £ subesophageal part of visceral loop 

sc “£ statoconia 

slg £ sublingual gland 

sip £ sublingual pouch 


sn € snout 
srm £“ subradular membrane 
st “ stomach 


sta £ statocyst 

SV £ seminal vesicle 

t z testis 

tac  tensor muscle of anterior cartilage 

tbf £ fransverse buccal fold 

İn £ tentacular nerve 

V “£ventricle 

vad £ vaginal duct 

vao £ vaginal opening 

Vap “ ventral approximator muscle of cartilages 


